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Red radish (Raphanus sativus) is one of the most important vegetable crops belongs to Brassicaceae family. It grows well worldwide; especially in both tropical and subtropical regions. In ancient era, the radish had been grown intensively in the Mediterranean regions and subsequently its cultivation expanded in China and in Japan (Kitamura 1958) . In recent decades, several researches focused on potential medical properties of radish. Where, the red radish has significant amounts of minerals, vitamin C and by-products which play key role in human health. Numerous studies confirmed that plant phenols have many medical benefits and used as anti-inflammatory, anti-allergic (Rashid & Ryan 2004; Duartea et al. 2018) anti-atherosclerotic, anti-thrombotic, antiviral (Catel-Ferreira et al. 2015) , anti-bacterial (Cushnie & Lamb 2011) , and anti-carcinogenic agents (Ibrahim et al. 2012) . Furthermore, the red colour in radish genotypes is associated to anthocyanins and its derivatives. Pelargonidin, one of anthocyanins derivatives in red radish, is stable natural colorant for enhancing the foodstuff colour (Müller-Maatsch et al. 2016) .
Many scientists reported that micronutrients had simulative influence on plant biomass, yield quantity and accumulation of by-products compounds in economic parts of plants (Welch & Shuman 1995) . On the other wise, unavailability of micronutrients, especially zinc and iron, in Mediterranean soils is significantly correlated to some soil chemical properties such as high pH, high salinity level, and low organic matter as well as have free calcium carbonate. Consequently, micronutrient deficiencies in those soils are considered the most important limiting factor to crop quantity and quality (Prasad et al. 2012) . Shortages of iron (Fe) and zinc (Zn) in food are a worldwide problem, impairing growth of children and development of pregnant and lactating women (Stein 2010) . Micronutrient bio-fortification, the technique of elevating micronutrients containing Fe and Zn in the edible parts of economic crops, considered as sustainable and applicable approach to reduce micronutrient malnutrition (Bevis 2015) .
In addition, policy of various governments worldwide, including the European Union (EC 2007) had deeply prohibited the overuse of agrochemical inputs, pushing to assume alternative and sustainable strategies. The one of most innovative and sustainable strategy to overcome the problem of micronutrient deficiency in alkaline soil is convert their salts into nano-forms and spraying them as foliar fertilisers on plants or coating the nano-fertilisers with nano-materials to control released nutrients (Rashid & Ryan 2004) . In particular, nanomaterial recently has been used widely in various scientific areas as medicinal, pharmaceutical, physical and agricultural science (Duhan et al. 2017) . These materials have been employed in several agriculture practices due to their efficiency in plant protection and nutrition (Iavicoli et al. 2017) . Green synthesized nanofertilisers can be defined as synthesize nanonutrients from plant and/or microorganisms materials, this is better than using chemical materials that leave hazard compounds in the environment (Thakur et al. 2018) . Utilization of foliar, capsulated or green synthesized nanofertilisers is a new strategy has started to attract attention in agriculture currently. They are also considered the most important promising approaches for sustainable agriculture with high production, low deterioration and feed the world grown rapidly (Sekhon 2014) . Substitution of green synthesized nanofertiliser with traditional fertilisers is approach to reduce nutrient losses, improve soil fertility, conserve energy and increase farm profitability (Naderi & Abedi 2012; Mishra et al. 2016) . In agriculture area, nanotechnology can provide friendly environmentally strategy to remediate water and soils, thus promoting world food production and quality (Prasad et al. 2014; Sekhon 2014) . In this regard, foliar application of nanoformulation micronutrient also is considered more proper than the land application, due to the quickly overcoming on deficient, easy to apply, minimizing of the toxicity resulting of accumulation micronutrient and avoiding the immobilization of trace elements in soil. Zinc and iron elements are playing fundamental role in building or activation of various enzymes involves to nutrients absorption, biosynthesis of metabolic compounds and phytohormone formation (Dhir et al. 2011; Elanchezhian et al. 2017) . Zinc and iron deficiency in plants can cause distinctive symptoms; included leaf necrosis, stunted growth, reduced leaf size and number, reduced crop quality and quantity (Fageria 2016) . These symptoms are more associated to some physiological processes as rate of transpiration and photosynthesis, dysfunction of relevant enzymes, reduced of nutrient absorption, plant wilting and imbalance water relations (Prasad 2004; Dhir et al. 2011) .
This investigation is aim to examine the combined application of ZnO and FeO GNPs on plant growth and foodstuff content of red radish, with considering impact of this practice on human health. The difference in mean plant biomass, indigenous nutrient content, pigments concentration, secondary compounds and photosynthetic parameters of red radish among treatments were also evaluated.
MATERIAL AND METHODS

Experimental design and location
This study was performed at Giza Governorate, Egypt over two winter seasons (first of October until the middle of December 2016 and 2017). This area is located in 30°01'10.3"N, 31°10'05.9"E, 24 m above sea level. Physical-chemical analysis of experimental soil and applied chicken manure are shows in Tables 1, 2 . Prior to sowing, the soil of experiments were mechanically ploughed and planked twice till the soil surface has been settled and established the plots. The seeds (15 g) of red radish (Raphanus sativus cv. Champion) were sown in each plots with a distance of 40 cm between rows and 5 cm between plants in plots with 6 m 2 (3 m × 2 m). The treatments included: 1) soil application of chicken manure at the rate of 9.6 t/ha, 2) foliar application with GNPs of FeO (50 ppm) and ZnO (60 ppm) and 3) soil application of chicken manure (9.6 t/ha) plus foliar supplementation of FeO (50 ppm) and ZnO (60 ppm). The treatments were arranged in randomized complete block design with four replicates. The plants of radish were supplied with ZnO + FeO GNPs after 30 days from sowing for two times with 15 days interval as recommended by Elizabath et al. (2017) . All treatments were received the recommended doses of mineral fertilisers (50 kg N, 25 kg P 2 O 5 , and 125 kg K/ha). After 70 day, all roots samples were collected from each treatment for chemical analysis.
Green synthesis of zinc oxide and iron oxide NPs
Nano iron was extracted from Saccharomyces cerevisiae cells in suspension culture, which obtain from Microbiology Department of National Research Centre, Giza, Egypt, as described by Bağ et al. (1998) . All cultures were centrifuged, washed repeatedly and dialyzed until no free iron ion was observed in the deionized water. Then, precipitation in aqueous ammonia (0.3 mol/L) and coated tetramethylammonium hydroxide under vigorous stirring for 2 h using magnetic stirring, precipitate was then separated by magnetic filtration using a permanent magnet, and washed with distilled water until a neutral pH was obtained. Nano zinc extracted from lactic acid bacteria (LAB) (Leuconostoc mesenteroides) according to Mrvcic et al. (2009) . This strain was developed by Microbiology Department, Faculty of Agriculture, Cairo University, Egypt. Transmission electron microscope (TEM) was performed to determine the nano size of the used elements ( Figure 1A , B).
Plant growth parameters and total yield
Ten plants from each plot were selected randomly to estimate growth parameters of radish plants. Chlorophyll concentration and leaf area were measured on adult fourth leaf of each plant using Chlorophyll meter (model SPAD 502 Minolta Co. Japan) and leaf area meter (model C1 202 Laser Areame- ter), respectively. Plant height was determined using a graduated meter and root diameters using digital calliper. Fresh weight of roots was measured using a digital balance. Root dry weight was recorded using forced-air drying oven at 75°C until constant the weight. The weight of radish roots per experimental plot was recorded and total yield was calculated in ton per hectare.
Total phenolic compounds, tannins content, and total flavonoids in roots
Total phenolic compounds were measured by spectrophotometric method and using Folin-Ciocalteu reagent according to Singleton & Rossi (1965) . Concentration of tannins in root were quantified by using Folin-Ciocalteu reagent method and the results were expressed as milligrams gallic acid equivalent per gram of dry weight (mg GAE/g dry weight) as described by Chahardehi et al. (2009) . Total flavonoid was determined by using Meda et al. (2005) method with minor modifications. Briefly, 0.25 mL of sample (1 mg/mL) was added to a tube containing 1 mL of double-distilled water. Next, 0.075 mL of 5% NaNO 2 , 0.075 mL of 10% AlCl 3 and 0.5 mL of 1 M NaOH were added at 0, 5 and 6 min, sequentially. Finally, the volume of the reacting solution was adjusted to 2.5 mL with double-distilled water. The absorbance of the solution at a wavelength of 410 nm was detected using the Ultrospec 2100 pro spectrophotometers. Quercetin is a ubiquitous flavonoid, present in many plant extract, was used as standard to quantify the total flavonoid content of hot water extract of the spice extracts.
Crude protein, total carotenoids, total carbohydrates, and total anthocyanins in roots
The total nitrogen content (N) was determined by using the modified-micro-Kjeldahel method as described by AOAC (1990) . Protein content was estimated through multiplying values of nitrogen in conversion factor (6.25). Total carotenoids were calculated as described by Nornai (1982) method. Determination of total carbohydrates were performed using phosphomolybdic acid method as described by Helrich (1990) . Total anthocyanins were extracted from fresh radish root with ethanol and HCl (85:15) at 5°C overnight. The extract solution was measured at wavelength 520 nm. The concentration of anthocyanins was calculated as described by Francis (1982) .
Photosynthesis rate, respiration rate, and water use efficiency
Measurement of photosynthesis rate on an area basis (μmol CO 2 /m 2 /s), respiration rate (mol H 2 O/m 2 /s), and water use efficiency of five different leaves per treatment was monitored using a LICOR 6400 (Lincoln, Nebraska, USA) infrared gas analyzer (IRGA). Light intensity (Photosynthetically active radiation, PAR) within the sampling chamber was set at 1,500 μmol/m 2 /s, using a Li-6400-02B LED light source (LI-COR). The CO 2 flow into the chamber was maintained at a concentration of 400 μmol/mol using an LI-6400-01 CO 2 mixer (LI-COR). The measurements were performed at mooring between 9:00 and 12:00 a.m. Water use efficiency (WUE) of radish leaf was calculated as the ratio between net CO 2 exchange and transpiration from measurements of leaf gas exchange (Erice et al. 2011) .
Determination of Zn and Fe concentrations in roots
Dried samples (0.5 g) were digested by concentrated H 2 SO 4 (99.7%). Concentration of Fe and Zn were determined using atomic absorption spectrophotometer (Pye Unicam model SP-1900, US) according to method described by Allen et al. (1984) .
Intake risk assessment
Intake risk of Fe and Zn supplied to red radish due to the application of green nanoparticles of ZnO and FeO on human health was considered by different methods. These methods include the daily intake of metals (DIM) along with the methods used for the health risk assessment (Alloway 1995; Hodson 2004) . The health risk assessment methods include hazard quotient (HQ) and health risk index (HRI) (Rattan et al. 2005; Khan et al. 2015) . Intake risk assessment was calculated using the equations below: 
Data analysis
The interactions between treatments and years for the all variables studied were insignificant; so data were combined over the two growing seasons. The treatments were arranged in randomized complete block design with four replicates. The obtained data from combined analysis were subjected to the statisticall analysis of variance and means were compared at 0.05 level according to Tukey test using SPSS software version 13. Correlation analysis was performed using Pearson correlation methods.
RESULTS
Chemical analysis of soil and applied chicken manure
Experimental soil is characterized by clay texture according to USDA soil textural classification system (USDA 1998), alkaline pH, with low value of available Zn and Fe contents. The electrical conductivity (EC) of the soil was 1.65 dS/m which classified as non-saline soil. Organic matter and total N contents in the soil analysis indicated a medium level of fertility (Table 1 ). Available phosphorus (P) content resulted low probably because the high calcium content that is responsible for the removal of P as insoluble calcium phosphates salts (Abdel-Dayem et al. 2012) . Table 2 refers to chemical properties of used chicken manure during two seasons. Chicken manure was characterized by a natural pH, a high organic matter (OM) content but a low C/N ratio (18.20 and 14.70 in the first and the second year, respectively. The difference in C/N ratio could be attributed to amount carbon-rich material (sawdust) that mixed with chicken dungs, where it was low in second year (2017). Similar results were observed by who found that the C/N ratio of pig manure increased with increasing the amount of sawdust used. This manure also has proper amount of total N, P, Ca, K, Zn and Fe that probably were rapidly mineralized in soil considering the low C/N ratio, especially, in second season (C/N = 14.6).
Plant growth and total yield
Data in Table 3 shows that foliar application of ZnO and FeO GNPs positively improved vegetative growth and total yield of red radish grown in clay soil. The statistical analysis showed that the highest values of plant height, leaf area, fresh and dry weight of root, root diameter, total chlorophyll, and total yield were recorded in T3 treatment. Moreover, insignificant differences were noted among T1 treatment and T3 in pervious parameters, except root diameter and total chlorophyll content. The highest value of total chlorophyll content was found in T3 (40.76±0.65) while, T1 treatment was recorded the lowest values (35.35±0.70).
Total phenolic compounds, tannins and flavonoids
The obtained results showed that concentration of total phenolic compounds; tannins and flavonoids in roots of red radish were also affected by foliar application of ZnO and FeO GNPs (p < 0.05; Table  4 ). The maximum percentage (74.81±0.70 a ) of total phenol in root was recorded in T3 followed by T2 (67.05±0.81) in comparison to T1 (62.74±0.56). Highest values of tannins and flavonoids contents in root were found in T3 compared to other treatments. Concentration of tannins and flavonoids in root increased by 10.6% and 11.9%, respectively with T3, if compared to T1. While, the concentration of tannins and total flavonoids in radish roots remained unchanged with T1 and T2 treatments (Table 4) .
Crude protein, total carbohydrates, and anthocyanins concentration
It is evident from Table 4 that concentration of crude protein, total carbohydrates, and anthocyanins in radish root over two seasons were significantly changed by application of ZnO and FeO GNPs. The highest percentage of roots crude protein content was recorded in T3 (5.88±0.56) in comparison to T1 (4.87±0.56). While, the differences between T1 and T2 in roots crude protein content concentration was not significant. Such findings were found in total carbohydrate and anthocyanins concentrations. Where, the maximum percentages of carbohydrate and anthocyanins in roots were reported in T3 (25.99±1.04 and 164.63±5.14, respectively) and the lowest percentage were found in T1 (20.57±1.57 and 152.81±6.19, respectively).
Photosynthesis rate, transpiration rate and water use efficiency
According to ANOVA analysis (Figure 2) , photosynthesis rates, transpiration rate, and water use efficiency significantly affected by foliar application of ZnO and FeO GNPs (p ≤ 0.05). The combined application (T3) gave the highest values of net photosynthesis rate ( Figure 2A ) and water use efficiency ( Figure 2B ) followed by T2 when compared to T1 treatment. Conversely, lowest value of respiration rate in plant leaves was observed in T3 whereas the maximum value was noted in T1 ( Figure 2C ).
Zinc and iron concentrations in leaves and roots
As expected, the maximum concentrations of Fe and Zn in roots and leaves tissue were observed in T2 and T3 compared to T1 (Figure 3) , with insignificant differences among both treatments. Higher accumulation of Zn and Fe was observed in radish root in T3 followed by T2 when compared to T1.
Correlation study
Data in Table 5 revealed a positive relationship between photosynthesis rate and water use efficiency with Zn and Fe accumulation in leaves and roots of treatment (T3), while a negative correlation was noted for transpiration rate. Leaf pigments, either chlorophyll or carotenoids, were correlated positively to leaf photosynthesis rate, Zn and Fe in roots and leaves. Additionally, a positive associations was observed between plant growth parameters (plant height, leaf area, and root diameter, fresh and dry biomasses of root) and total yield with leaf photosynthesis rate, Zn and Fe in roots and leaves. Similar association were observed for root carbohydrates content. High positive correlation was found between root carbohydrate with phenols and flavonoids. Similar positive correlation was found between phenols, flavonoids and Zn accumulation in leaves and roots. While above-mentioned parameters were significantly correlated negatively with leaf transpiration rate (P ≤ 0.05).
Health risk assessment
The data presented in Table 6 shows that the level of Zn and Fe in radish plants (roots and leaves) foliarly treated with ZnO and FeO GNPs. Calculated hazard quotient (HQ) was significantly higher for Zn and Fe in plants treated with T3 followed by T2 when compared to T1. Similar findings were recorded in HRI values. Minimum values of HRI were found in T1 while the maximum values were seen in T3 and T2. Despite, the values of HRI for Zn and Fe were lower the permissible limits set by to WHO/FAO (less than 1). No significant differences were found between treatments in DIM values.
DISCUSSION
The agribusiness sectors and consumers are more concerning to valuable food for basic nutrition and for health benefits. However, it is estimated that over sixty percent of world are iron deficient and over thirty percent are zinc deficient (Stein 2010 ). This situation is practically related to production of crops in regions with low mineral availability and / or consumption of food (Graham et al. 1992) . In this connection, application of elements in nano forms, as fertiliser to reduce the adverse effects resulting of their deficiency edible parts of plants, is considered as a sustainable approach to correct their ratio in plants as well as improving nutritional quality. Generally, performance of nanoparticles is based on several properties such as size of particles, chemical structure, surface covering, rate and doses of application (Khodakovskaya et al. 2012) . Zinc and Fe are essential elements for crop growth and production (Fageria 2016) . Both microelements also are necessary in activation of many enzymes that existent in photosynthetic tissues and necessary for chlorophyll formation (Ramani & Kannan 1985) . It was reported that zinc play a vital role in activation of enzymes related to protein biosynthesis and metabolism of carbohydrates (Mathpal et al. 2015 ). In the current study, our results showed foliar application of ZnO Yang and Liu (2012) ; (b) B = the average body weight was taken as 70 kg for adults according to WHO (1993) ; (c) Conversion factor (C factor = 0.085) according to Latif et al. (2018) .
and FeO GNPs plus chicken manure caused a significant improvement in growth parameters (Table 3) , as Chaudhuri & Malodia (2017) reported. Additionally, the correlation study in Table 5 shows a positive correlation between agronomic traits as plant height, leaf area and root diameter and dry weight) with Zn and Fe content. Likewise, photosynthesis rate positively correlated to plant height (r = 0.73), leaf area (r = 0.78), chlorophyll content (r = 0.88), leaf carotenoids (r = 0.81), carbohydrates contents (r = 0.67), root diameters (r = 0.97) and total yield (r = 0.75). This indicates that growth and yield promotion of radish plant supplied with ZnO and FeO GNPs is associated highly to leaf photosynthetic pigments and photosynthesis rates that increase total carbohydrate accumulation which act as main component of dry matter. Such results confirmed by pervious reports in different vegetable crops (Prasad et al. 2012; Elizabath et al. 2017) . Several researchers confirmed that the Fe and Zn either in normal forms or in nanoforms had improved leaf photosynthetic pigments and photosynthesis parameters (Duhan et al. 2017; Rattan et al. 2005 ). This could be attributed to interference of Zn and Fe in structural and catalytic component of proteins and enzymes for normal development of pigment biosynthesis and activation of photosynthesis (Rout & Sahoo 2015; Mohammadi et al. 2018) . Likewise, combined application of ZnO and FeO GNPs improved the nutritional value of red radish roots (Table 4) . Interestingly, this application also significantly increased crude protein and total carbohydrate of radish roots. Moreover, higher concentration of secondary metabolic compounds (total phenols, tannins, flavonoids and anthocyanins) with foliar application of ZnO and FeO GNPs in this study was recorded (Table 4) . This findings could be attributed to enhancement of carbohydrate. Where, carbohydrates are fundamental compounds essential to produce phenolic compounds through the shikimic acid pathway where extra carbohydrates derived from glycolysis and the pentose phosphate pathway are transformed into aromatic amino acids (Shui et al. 2009 ). Shui et al. (2009) reported that a higher concentration of secondary metabolites was associated to the equilibrium between carbohydrate source and sink; the increasing source-sink ratio, the higher production of secondary metabolites could be take placed.
Correlation study revealed that carbohydrates concentration positively correlated with total phenols (r = 0.91), tannins (r = 0.95), and flavonoids (r = 0.72), as shown in Table 5 . Other scientist suggested that the accumulation of secondary metabolites is linked to enhancement of photosynthesis activity. A positive relationship was found between photosynthesis rates and total phenols (r = 0.78), tannins (r = 0.69) and flavonoids (r = 0.89). Both microelements (Zn and Fe) play a vital role in motivating photosynthesis processes and improving the translocation of carbohydrate to different parts of radish plant (Ghasemzadeh et al. 2011) . The improvement of translocation indirectly could be increased the biosynthesis of total phenols, flavonoids, and tannins of treated plants with ZnO and FeO GNPs fertilisers (Kamenickova et al. 2013) . Maximum Zn and Fe accumulations in different parts of radish plants were found in plants treated with combined treatment (Figure 3 ). Besides, a positive relationship between leaf Zn and Fe concentrations and root Zn and Fe contents (r = 0.88 and r = 0.84, respectively) was found, as shown in Table 5. In fact, concentration of Zn and Fe in roots supplied with ZnO and FeO GNPs did not reach to toxicity level according to data of health risk index (Table 6 ). Where, health risk index for Zn and Fe in roots did not across the allowable limit set by WHO/FAO (less than 1). This indicated that all treated plants with ZnO and FeO GNPs were fit for consumption.
CONCLUSIONS
Bio-nanotechnology is a recent area having many prospective to surely effect on the agriculture and food quality. Current investigation was concluded that combined application of ZnO and FeO GNPs (at rate 60 ppm and 50 ppm, respectively) improved morphological and physiological traits as well as nutritional quality of red radish. Furthermore, upgraded of iron and zinc levels in radish roots did not leave any adverse impacts on human health. This study has identified that green synthesized nanofertilisers (ZnO and FeO) have simulative effects on the plant growth, quantity and quality of radish.
